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THE PATHOGENESIS OF ADJUVANT DISEASE IN THE RAT
II. A Radioautographic Study of Early Lesions with
the Use of H3-Thymidinet
In the preceding paper,1 data are presented which indicate that the lesions
of adjuvant disease in the rat begin as perivascular accumulations of mono-
nuclear cells resembling lymphocytes, that the number of such infiltrating
mononuclear cells increases rapidly over several days, and that in lesions
of more than 1 or 2 days duration a majority of the infiltrating cells may
have the appearance of monocytes or histiocytes. Further investigation of the
pathogenesis of these lesions requires an attempt to learn the origin of the
infiltrating cells and the mutual relationship of mononuclear cells which
differ in morphologic character.
The use of cell labelling with tritiated thymidine (H3T) and radio-
autography has proven an effective means of identifying cells which are
replicating and of following them and their progeny through changes both
of histologic character and of location.2 In our laboratory, this technique
has been applied successfully to a study of the infiltrating cells in skin
reactions of the delayed type8 and in the nervous system lesions of experi-
mental autoallergic encephalomyelitis.' In the present paper, we report data
obtained by using the same technique to study early lesions of adjuvant
disease.
METHODS
Rats described in the preceding paper' provided the experimental material for the
present study. The animals of one series were given a single intravenous dose of H8T,
1.0 ,uc. per gm. in saline, and sacrificed one hour or 24 hours later. Some animals
received H'T 9, 10, or 11 days after the foot-pad injection of tubercle bacilli in oil,
before the onset of gross clinical arthritis. Others received H8T on the day that
clinical abnormality was first apparent. Still others were injected three or more days
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after the onset of disease. Animals of the second experimental series received six
intraperitoneal doses of HIT over a 36-hour period (total dose 3 i'c. per gm.) either at
6 to 7 days or 8 to 9 days following the foot-pad inoculation. Of these groups, some
animals were sacrificed on days 7, 9, 10, or 11, before the onset of clinical disease;
others on the day that gross arthritis first appeared, and still others later in the
disease process.
All four extremities and both ears of each rat included in the study were fixed in
formalin, decalcified with EDTA, and embedded in paraffin. Results of the histologic
study of hematoxylin and eosin-stained sections have been described.1 Six micron
sections of these tissues were also used to prepare radioautographs with AR-10 stripping
film (Kodak). These were developed after three weeks exposure and stained with
May-Grunwald-Giemsa solution.",'
For the analysis of the lesions, only slides with low background, usually less than
one or two silver grains per cell, were employed. In such slides, cells with more than
four grains were accepted as labelled. The presence of adequate labelling in the basal
cell layer of the epidermis (of both ears and feet) provided a control of the radioauto-
graphic technique. In each specimen, counts were made in different regions of
individual lesions and, when possible, in several different lesions of the same or
different extremities. The values reported in Table 1 for any one animal represent the
summed counts obtained in this manner, each being based on the evaluation of 200 to
500 cells. Values given in Table 2 are counts of individual lesions. It was noted that, as
a consequence of the thickness of the sections (6 iA.), labelled nuclei not extending into
the uppermost portion of the section failed, in general, to produce silver grains in the
film. From crude counts of labelled cells in different focal planes of representative
sections, it was possible to estimate that the labelled cell counts presented in the tables
were reduced by as much as one third for this reason. The distinction between lympho-
cytes, monocytes, and histiocytes was based on the criteria given in the previous
papers.'8"' Comparative differential counts of individual lesions in sections stained with
hematoxylin-eosin and with Giemsa were sufficiently similar to justify the comparison
of data obtained in the present study with those obtained in more conventional histologic
analyses.
RESULTS
The counts of labelled cells in slides which were satisfactory, in terms
both of low background and of adequate expression of labelling in the
film, are summarized in Table 1. Only counts of lesions in sections of the
extremities (synovia, tendon, ligament, periosteum, loose connective tissue)
are given here.
In the absence of infiltrative lesions, a single dose of H3T resulted
in labelling only of an occasional synovial cell. Even massive repeated
doses gave minimal labelling of synovia and occasional fibroblasts. By
contrast, in early lesions of rats autopsied before or just at the onset
of clinical disease, one hour after a single dose of H3T there was 5 to 20
per cent labelling of the infiltrating mononuclear cells. In older lesions,
in animals autopsied three days after the clinical onset, less than five per
196
Volume 37, December, 1964FIG. 1. Early lesions, 24 hours after dose of H3T injected at onset of disease. All
show labelling of 30-40% of infiltrating cells. A. Synovial lesion in rat sacrificed at
11 days. X400; B, C, and D. Ear nodule in rat sacrificed at 12 days. X800FIG. 2. Tenosynovial lesion in right hind foot of rat at nine days, before appearance of
gross manifestations of arthritis. Animal sacrificed one hour after last of six H'T
injections. Of infiltrating mononuclear cells, 80-90% are heavily labelled. X400 and
X800.FIG. 3. Labelling of fibroblasts in old lesions. A. Tenosynovial lesion in ankle joint
of rat sacrificed at 13 days, 3 days after onset and 1 hour followiing dose of H3T. All
fibroblasts show intense labelling. X640; B. Similar lesions from rat sacrificed at onset,
24 hours after H3T. While there are many labelled mononuclears, fibroblasts are
unlabelled. X640.Pathogenesis of adjuvant disease. 11. BURSTEIN, WAKSMAN
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cent of these cells took up label. Fibroblasts and synovial cells, on the
other hand, showed minimal labelling in the earliest lesions; but, by the
time of clinical onset and especially in later lesions, there was increased
labelling of these elements. It follows that the infiltrating cells replicate
actively in early lesions and much less actively in late lesions, while the
fixed tissue elements proliferate secondarily.
Twenty-four hours after a single H3T dose, there was apparent labelling
of half or more of the infiltrating cells in early lesions (Fig. 1). By
3 to 5 days after clinical onset, however, while some lesions still showed
labelling of this extent 24 hours after H3T, others showed very little
uptake of the label. Similarly 24 or more hours after massive labelling
by repeated doses of H3T, over half the cells in many lesions were labelled.
When H3T was given during the latent period, at a time when there were
no infiltrative lesions, and controls showed that there was minimal uptake
of label by fixed tissue elements, 50 to 90 per cent of the cells were
labelled (Fig. 2) in lesions appearing subsequently, even 4 to 5 days later.
Here cell labelling was maximal in both early and old lesions. It would seem
to follow that a large proportion of the cells found in early lesions comes
from the blood stream, that these same cells make up the majority of those
seen in later lesions, and that in later lesions the rate at which new cells
enter from the blood stream diminishes.
In Table 2, the degree of labelling of infiltrative cells is compared in
various lesions of individual animals. It is apparent that closely similar
counts of labelled cells are found in different lesions in the same animal,
even when these are in different anatomic regions of the extremity or in
the subcutaneous tissue of the ear.
Differential counts of the labelled cells proved particularly revealing.
These too appeared uninfluenced by the anatomic site of individual lesions.
One hour after H3T, 55 to 100 per cent (in most lesions 75 per cent or
more) had the morphologic character of lymphocytes. The remainder were
classified as monocytes, few or no typical histiocytes being labelled. This
was equally the case in animals sacrificed before the onset of clinical disease
and in those autopsied several days after onset. It follows that the
principal replicating cells in lesions at any stage are lymphocytes.
Twenty-four hours after H3T, in approximately half the lesions, the
principal labelled cells were still lymphocytes. Since the number of labelled
cells in the infiltrates increased by as much as 5 or 10 fold during the
interval between 1 and 24 hours, and since there was no decrease in the
grain count to suggest the occurrence of several successive divisions of
labelled cells in the lesions, it appears that the cells labelled initially at the
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TABLE 2. CHARACTER OF CELL LABELLING IN REPRESENTATIVE INFILTRATIVE
LESIONS OF DIFFERENT TISSUES
Day of
onset/sacrifice Tissue*
1 hour after H'-thymidine
-/10
-/11
-/11
10/10
10/10
11/11
10/13
10/13
12/15
S
S
T
CT
CT
S
CT
CT
E
S
T
CT central
peripheral
S
CT
E
S
S
CT
T
Per cent of
infiltrate
labelled
Differential count of labelled cells**
Lymphocytes
20 75 (30,15)
3 100 (10)
10 60 (30,20)
20 88 (30,12)
5 76 (12)
10 75 (10)
5 80 (4)
10 75 (10)
20 100 (20)
7 75 (25,12)
8 80 (25,12)
5 100 (25,13)
20 90 (25,13)
3 100 (30)
2-5 68 (30)
3 100 (20)
5 92
5 55 (30,15)
20? 100
5 75
Monocytes Histiocytes
25 (15)
30 (20,10)
12 (14)
8 (12)
25 (10)
20 (10)
25 (10)
0
20 (25,12)
20 (25,13)
0
10 (25,13)
0
27 (30)
0
8
35 (30,15)
0
25
0
10 (10)
0
16 (12)
0
0
0
0
5 (14)
0
0
0
0
5 (30)
0
0
10 (15)
0
0
24 hours after H'-thymidine
CT central 15
peripheral 75
S 30
T 40
S 40-50
T 50
E central 15
peripheral 25
S 40
T 40
CT 25
E 65
S 40
CT 20-80
E small 55
E large 40
S 40
T 40
10/10
-/11
10/11
10/11
10/11
10/11
10 (35,17)
60 (35,17)
70 (12,7)
90 (45,15)
100
100
20 (20,12)
100 (18)
40 (25)
40 (27,12)
87 (28,20)
60
25 (20,12)
20 (25,8)
70 (25)
60 (25,14)
10
0
25 (35,15)
30 (35,15)
20 (12,7)
10 (15)
0
0
20 (12)
0
20
30 (12,6)
13 (20,10)
25
10 (20,12)
20 (10)
20 (12)
10 (16)
20 (12)
30 (11)
65 (15)
10 (15)
10 (7)
0
0
0
60 (11,6)
0
40
30 (12,6)
0
15
65 (20,12)
60 (8)
10 (6)
30 (13,8)
70 (12)
70 (11)
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TABLE 2 (Continued)
Per cent of Differential count of labelled cells** Day of infiltrate __________________
onset/sacrific Tissue* labelled Lymphocytes Monocytes Histiocytes
11/12 CT 50 20 (15,8) 20 (15,8) 60 (15,8)
E 40 40 (15,9) 20 (14) 40 (8)
11/14 S 25 80 20 0
T 50 50 (20) 40 (20) 10 (10)
CT 20 100 (10) 0 0
E 10-40 90 5 5
11/16 S 20 50 (25,13) 20 (16) 30 (8)
CT 33 60 (10) 10 (8) 30 (8)
E 20-60 60-90 (12) 10-40 0
* S = joint and tendon synovia.
CT = periarticular, periosteal, and subcutaneous connective tissue.
T = tendon and ligament.
E = ear nodule.
** Mean grain counts for each cell type given in parentheses; omitted when back-
ground excessively high. Two numbers are given when cells of a particular type
appeared to show two peaks of activity.
site mustbe supplemented during this time by large numbers of proliferating
lymphocytes coming from the blood stream. In half the lesions sampled
24 hours after H3T, both early and late, there was a striking increase in
the proportion of labelled monocytes and histiocytes. In many lesions,
especially in the central (older?) zone of large lesions, histiocytes were
found to make up as much as 75 per cent of the labelled infiltrate. In
general these were lesions that contained a high proportion of histiocytes
and might be regarded as older lesions. Here the difference in character
between the labelled cells found 1 and 24 hours after H3T administration
suggests either that many of the lymphocytes initially labelled are trans-
formed into monocytes and histiocytes or that labelled cells of monocytic
or histiocytic type enter well-developed lesions from the blood in sizeable
numbers. A distinction between these two possibilities is made possible
by observations in rats given H3T in repeated doses during the latent
period before the appearance of either gross or histologic abnormality. In
such animals the earliest lesions examined, i.e. before the onset of clinical
disease, contained only labelled lymphocytes. On the other hand, late lesions
(3 to 5 days after clinical onset) contained in some cases only labelled
histiocytes with low grain counts. Since it is difficult to suppose that the
labelled lymphocytes initially present actually leave the lesion, we must
conclude that these cells become histiocytes. However the possibility could
not be excluded that late lesions also contain labelled histiocytes which
200
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come directly from the blood stream. Detailed data from this part of our
experiment are not presented, since many of the radioautographs were
marred by high background and were unsuitable for quantitative analysis.
The finding that, at intervals varying from 24 hours to 5 days after
injection of thymidine, the population of cells that participates in lesion
formation is very largely labelled, leads to the additional inference that
these cells are derived from a continuously replicating population, either
in the blood or lymphoid tissues.
DISCUSSION
The data show unequivocally that a large proportion of the infiltrating
cells in the various lesions of adjuvant disease come from the blood stream.
Most of these, in early lesions at least, are medium-sized lymphocytes,
which appear to be derived from a population of continuously replicating
cells. Many continue to divide in the lesion itself. In older lesions, i.e. those
of several days duration, fewer cells enter from the blood and there are
fewer replicating cells in the lesion itself. These, however, are still
lymphocytic in character. Histiocytes, which become the predominant type
of infiltrating cell in many older lesions, appear to be derived from these
lymphocytes, though the possibility was not excluded in the present study
that some come directly from blood monocytes. They do not divide in the
lesions in significant numbers. The radioautographic data support the
histologic analysis of the lesionse in showing that perivascular accumulation
of hematogenous medium lymphocytes is the primary lesion in adjuvant
disease and agree too in showing that synovial, fibroblastic, and epidermal
cell proliferation is secondary to the presence of inflammation. The findings
were closely similar in lesions found in different anatomic elements of the
connective tissue (synovia, tendon, ligament, periosteum, loose connective
tissue, skin).
The above synthesis is remarkably like that arrived at in radioauto-
graphic studies of skin lesions of delayed hypersensitivity and the nervous
system lesions of autoallergic encephalomyelitis.8" We have already noted
the close histologic similarity between adjuvant disease and these other
lesions.! The present study provides another element in the structure
relating these processes and furthers our understanding of the pathogenesis
in each.
Our interpretation of the data presented here is based on certain explicit
assumptions: that, at the dose levels employed, H3T is rapidly incorporated
by cells synthesizing DNA in preparation for cell division and is cleared
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within a few minutes from the blood stream, and that the incorporated
label is as stable as the cell's DNA and may be lost only on cell death
or after dilution by repeated cell division. These assumptions are widely
accepted at the present time.' However there is evidence that death of
labelled cells permits reutilization of the label. Thus the possibility exists,
for example, that histiocytes in older lesions become labelled by ingesting
dead or dying labelled lymphocytes. This appears highly improbable for
a number of reasons. First, no massive death of lymphocytes is observed
in the usual lesions. Secondly, 24 hours, which in many instances sufficed to
transform a labelled lymphocyte population into a preponderantly
histiocytic one, seems too short a time to permit large scale cell death
and reutilization of the labelled nuclear material. Thirdly, such a sequence
would necessarily result in an appreciable loss of labelled material, which
in turn would give a much reduced grain count in the cells secondarily
incorporating the label. Actually, however, the observed reduction in
grain count was slight or insignificant. These arguments have sufficient
force to render reutilization highly improbable in experiments lasting only
24 hours. In the animals that received large doses of H3T during the
latent period it is impossible at present to provide evidence that some
degree of reutilization does not occur.
SUMMARY AND CONCLUSIONS
By administration of tritiated thymidine combined with radioauto-
graphy, at strategic times before or after the appearance of lesions in
animals with adjuvant disease, it could be shown that a major proportion
of the infiltrating mononuclear cells in these lesions were derived from
a continuously replicating population of cells in the lymphoid tissues or
blood. These cells had the morphologic character of medium lymphocytes,
and continued to divide (as judged by their uptake of thymidine) in the
lesions themselves. Cells of monocytic or histiocytic character, which
formed the predominant element in many lesions of several days duration,
were derived in part from these lymphocytic cells but may have come in part
directly from the blood.
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